Paper is devoted to determine the solution of a non-stationary heat equation in an axial symmetry cylindrical coordinates subject to a nonhomogeneous mixed discontinuous boundary conditions of the first and of the second kind inside the disk of an finite surface cylinder. The solution of the given mixed boundary value problem is obtained with the aid of a classical methods and based on the application of a new type of a dual series equations (DSE) with a Bessel function of the first kind of order zero as a kernel. The solution of obtained DSE which is discussed in this paper is introduced to a Fredholm integral equation of the first kind.
Introduction
The use of the DS method for solving time independent mathematical physics equations for many physical and technical applications with mixed boundary conditions can be found for example monographs [12, 13] and other references.
DSE arises in applications of diffraction theory, stationary heat theory, electrostatic theory, elasticity theory and other areas of application with different coordinate systems. In this paper we introduce a new type of the DSE related to the time dependent homogeneous heat equation in cylindrical coordinates subject to nonhomogeneous mixed boundary conditions of the first and of the second kind located on the level surface of a bounded cylinder with constant initial condition. The construction of DSE for a given problem is based on the solution of homogeneous mixed boundary value problems and dual integral equations dealing with heat and Helmholtz equations which is discussed with details in monographs [4] [5] [6] [7] 10] . In this paper we developed the solution of the given mixed problem with the use of a Laplace transform (Ltransform), separation of variables, Hankel integral transform and some discontinuous integrals. The solution of the DSE which is studied in this paper is reduced to some type of a Fredholm integral equation of the first kind with kernel, free term and unknown function depend on L-transform parameter, such integral equations should be solved by iterative methods. In particular, if the L-transform parameter tends to zero, the solution of the above mixed boundary value problem is reduced to a Fredholm integral equations of the second kind.
Formulation and Solution of the Problem
It is required to find a temperature distribution function On rR  , 0 r  , z , the boundary conditions are
The physical significance of the problem formulated such that, on the level surface of semi-infinite cylinder inside the disk 
Then separate variables in (2.1) and use the boundary conditions(2.4)-(2.6), we obtain a general of the above problem solution in L-transform image
 is the root of Bessel function of the first kind order zero 0 ) (
. s is the parameter of L-transform.
Use a mixed conditions (2.2) and (2.3) for (2.7), we obtain a DSE to determine the unknown coefficients
As 0  s the DSE (2.8), (2.9) were introduced to the stationary solution of the DSE involving Laplace equation with mixed conditions [13] .
Now to solve (2.8) and (2.9), let us to introduce the equality
Fourier-Bessel inversion formula for a series (2.10), we have 
converges for any values of n m, , and satisfies the property [14] 
The inverse L-transform for the left hand side of (2.14) is [1] 
Inside integral equation (2.17), we introduced the value
Treat (2.18) as an Abel integral equation, the function ) ,
method of solution given in [13] where 
is a Heaviside unit step function. Simplify integral equation (2.24) , we obtain [12, 13] 
Numerical techniques very effect tool to solve integral equation (2.25) for some specific known function ) (r f by using some software packages for example (mathematica or matlab) [2, 9] , moreover the free term and the kernel of (2.25) should be satisfied the inequalities The dual series method which is discussed above is an effect tool to investigate solutions of several problems with finite domain related to mixed boundary value problems involving heat and Helmholtz equations involving to different coordinate systems with many areas of physical and engineering applications.
Conclusion
The obtained results the conclusion can be drown that the paper aim an analytical method the mixed boundary value problem with boundary conditions of the first and of the second kind will lead to study dual series equations. The dual series equations always reduce to inhomogeneous Fredholm integral equation of the first kind. It can be revealed that iterations technique and numerical evaluation is an appropriate tools for solving
